A high-Q hybrid plasmonic-photonic microresonator, which consists of a dielectric microdisk hybridized with a plasmonic nanoantenna dimer, enables an enlarged local density of states of the optical field and chiral propagation of photons inside the cavity.
The light-matter interaction lies at the heart of both fundamental theoretical research and advanced applications in modern physics. The interaction strength typically hinges on the scale of the fine structure constant α ≈ 1/137, indicating an ultraweak coupling strength between light and matter in vacuum. Due to the well-known Fermi's golden rule and Purcell effect 1 , the local density of states (LDOS) of the optical field can be engineered by a resonator, enabling an enhancement or control of the spontaneous emission rate of a quantum emitter. Over the past decades, much progress has been made using various micro/nanoresonators to enhance the light-matter interaction, especially for a Purcell enhancement.
Among the diverse candidates, optical dielectric microcavities, and localized surface plasmon resonances (LSPRs) have been studied extensively to tailor the coupling between quantum emitters and photons 2, 3 . Optical dielectric microcavities feature ultrahigh Q factors, which correspond to very long lifetimes of the photons inside the cavity, while LSPRs have extremely small mode volumes that enable an ultrastrong coupling strength. Recently, by incorporating the merits of both optical microcavities and LSPRs, schemes of hybrid plasmonic-photonic resonators have been proposed to further promote the interplay between quantum emitters and photons [4] [5] [6] [7] . In such a hybrid system, the optical microcavity is used to engineer the electromagnetic environment, and the LSPR usually acts as an amplifier of the optical field.
In previous hybrid strategies, whispering-gallery-mode (WGM) or Fabry-Pérot-type microcavities have been widely employed for the photonic resonance, and the LSPR has been generated by a single metallic nanoparticle or nanowire. In addition to the elementary hybrid plasmonic-photonic scheme, which involves a single plasmonic nanoantenna, multiple metallic nanoparticles with a particular phase relationship can provide a new degree of freedom to tailor the light-emitter interaction. In a recent publication, Cognée et al. theoretically proposed and experimentally explored a high-Q hybrid plasmonic-photonic resonator consisting of a dielectric WGM microdisk and a plasmonic antenna dimer (Fig. 1 ). An enlarged-LDOS enhancement of the optical field and chiral emission inside the cavity were obtained 8 . By introducing the notion of phased-array antenna physics into the hybrid system, the researchers investigated the influence of the antenna separation on the perturbed mode frequencies and Q factors. When a dipole emitter interacts with the hybrid resonator, it is found that the Purcell effect can be regulated by controlling the distance, or the phase difference, between the pair of plasmonic antennas. A maximum LDOS enhancement of almost 700 is obtained according to an analytical calculation and a full-wave simulation, benefiting from the cooperative scattering engineered by the dipole-dipole coupling in the resonator. Furthermore, different from the case of a single antenna, the plasmonic antenna dimer can induce asymmetric scattering of the optical field, resulting in the chiral propagation of photons inside the cavity under a particular phase condition and a large Purcell enhancement at the same time. Although similar chiral behavior has been reported by utilizing dielectric scatterers on WGM cavities 9 , the present work is the first plasmonic implementation. The mechanism is distinguishable by tuning the phase relationship of the plasmonic dimer rather than the mode coalescence.
This work sheds light on a new degree of freedom that can be used to tailor the interaction between light and matter using a hybrid plasmonic-photonic resonator decorated with a metallic nanoantenna dimer. The chiral propagation of photons has been realized. Moreover, from a reciprocal perspective, a selective excitation of the quantum emitter may also be achieved by controlling the phase and amplitude of the external input. Such a realization of chirality by hybridization could further be developed for chiral quantum optics, which offers fundamentally new functionalities and applications based on a propagation-direction-dependent interaction 10 . In addition, triggered by this strategy, many scenarios that contain rich physics could be explored in the future, such as deep strong coupling 11 , non-Hermitian physics 12 , and nonlinear optical effects 13 . Fig. 1 Schematic illustration of the physical model in the work 8 , where a hybrid plasmonic-photonic system consisting of a silicon nitride microdisk and a pair of radially oriented aluminum nanorods. One nanorod is driven by a dipolar emitter, resulting in chiral emission of photons in the cavity and a remarkable enhancement of the LDOS.
